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IMPORTANT: Your attention is a^ain called to tho fact that 
this is not an ordinary book. It'^^ pages are scrambled in 
such a way that it cannot be read or studied by turning the 
pdges in the ordinary sequence. To serve properly as the 
giiiding element in the Articulated Multimedia Physics Course, 
this Study Guide must be used in conjunction with a Program 
Control equipped with the appropriate matrix transparency 
for this Lesson. In addition, every Lesson requires the a- 
vailability of a magnetic tape playback and the appropriate 
cartridge of instructional tape to be used, as signaled by 
the Study Guide, in conjunction with the Worksheets that ap- 
pear in the blue appendix' section at the end of the book. 
Many o^ the lesson Study Guides also call for viewing a singl 
concept film at an indicated place in the work. These films 
are individually viewed by the student using a special pro- 
jector and screen; arrangements are mane and instructions 
are given for synchronizing the tape playback and the film 
in eacn case. 
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LESSQl^ 2 
STUDY GUIDE SLIP SHSET 

Pleasje correct STUDY GUIDE as Indicated below before fjtartlnfi -on 
this lesson. 

STUDY GUIDE TEXT; Page 62, second line from top. Change the 
number 21.8 at the beginning of the line to 21.9 > 

Page 66, last line Inside the NOTEBOOK ENTRY 
box. Change 10,000 to 100,000, 



STUDY GUIDE DIAGRAMS; Pag^ 3, Figure 1, Draw a large "X" through 
the diagram and write beneath it "see slip sheet". When you 
reach page 3, refer to the corrected Figure 1 drawn below. 

WORKSHEETS; No changes. 



HOMEWORK PROBLEMS; No changes. 



When the changes indicated above have been entered, 
you may begin Lesson 2, 
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Figure 1 (Drawn to double scale). 



NOTEBOOK ENTRY: At the end of the entries for this lesson, 
add the following; -.q 

1 Angstrom Unit = 10" meter or 

1 .meter contains 'l6-^° Angstrom Units. 
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You may have measucGd the length and width of a room to Ciud the 
largest size tug that: v;oald fit it» With a tape measure oi yardstick you 
might have figured a 15 ft* length and a 10 ft. widths considering these 
measurements sufficient. It would he useless to measure ro a degroe of 
precisiorx that would result in $ur:h precise dimensions as 1*5.13766 ft. 
long and 10.8830? ft. wide. Yhare are many occasions v;hen a one- o^ 
two-figure answer for u measured distance, time» or mass suffices. 
Certain dimensions in science and. technology, however, demand such 
careful measurement that result* m\ sc be exprei'sed by numbers 
containing as many as seven or eic^ht figures. For example, a bieailng 
for a delicate instrument may need a diameter measurement to the 
nearest ten- th ousandth of a centimeter. It might happen that its final 
measurement yields an ansv;er of, say, 12.1336 cm. 

The concept of s ignif leant figures is common in science and 
engineering to give measurement picper perspective in terms of 
dimension measured and the precision of data taken. The experienced 
eye can tell whether a length was measured ' with a centimeter rule, a 
vernier caliper, a micrometer caliper, or a micrometer microscope* 'In 
that order, these instruments measure lengths with increasing precisr9n. 
In your work with significant figures you can express measurements with 
great precision. Also, an understanding of significant figures aids in 
reading scientific articles or papers. 



Please go en to page 2. 
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Included in this lesson is a thorough review of powers--of-ten 
notation and its special adaptation, scientific notation . Significant 
figures and scientific notation go together like bread and butteri When 
you gain facility with both techniques, your scientific work will be made 
easier. 

We have limited our discussion of scientific notation to methods of 
writing measurements in this form with significant figures. Later, you 
will learn how to manipulate numbers expressed as powers of ten* 

If you wonder wlien we will start studying physics rather than 
mathematical side issues, remember that you would not build the 
framework of a house before its foundation was completed o Let's make 
this foundation a good strong oneo 



Please turn to page 125 in the blue appendix. 



I 

I 

I 



As an Introduction to specifying precision through significant 
figures, study figure 1. A small block of wood with straight edges is to 

be measuriid by a centimeter scale or 
rule. Using the ''V marker as the 
starting point, we can say that the 
length of the block is "slightly 
greater than 2 cm." But wo can do better 
than this. The scale is calibrated 
(subdivided) into smaller divisions • 
Each of the smaller markers represents 
one millimeter (mm) or O.i cm* Tliere- 
fore, we can say with certainty that 
the block is longer than 2.1 cm but 
Figure 1. shorter than 2.2 cm. 

Now imagine that each of the miJ.limetcr divisions is divided into 
10_equal, smaller parts. These imaginary divisions are tiny indeed, | but 
your eye is sharp enough still to visualize them. Try to estimate how 
many of these tiny imaginary divisions beyond the 3.1 marker are covered 
before we reach the end o£ the block. Of course, each of the imaginary 
divisions are 1/10 of a rr.illimeter or 1/100 or a centimeter. Thus, if the 
block extends, in your opinion, to the second imaginary division beyond 
the 3.1 marker, its length is 2.1_2 cm; if it extends to the sixth division 
in your opinion, then the length is 2al6 cm; and so forth. 




What do you estimate the length of the block to be? 
(1) 

A 2.12 cm 

B 2.14 cm 

C 2.16 cm 
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YOUR ANSWER A 



You are correct. According to rule 4(c), you should carry our. the 
division to 1 significant figure more than the least precise; measurement , 
then round back to the same number of significant fif>ures. The least precise 
measurement in 866«38 divided by 27 is, of course, the 27» This has 2 
significant figures. Hence, the division should be carried out to 3 * 
significant figures and then rounded back to 2. Thus: 



For reviev7, perform the operations indicated in the following groups. 

All the groups but one have one or more significant figure errors. (You 

may assume that the arithmetic is correct in all of them«») Choose the 
group that is entirely correct* 



866.38 
27 



= 32.1 = 32 



Grou p i 



Group 2 



Group 3 



43.1 -f 16.336 = 59.4 
.6.885 - 3.1 = 3.8 
i2.8 X 7 - 89.6 

866 - 12 - 72.2 - 



K87 4- 0.586 = 2.46 
5.5 - 3.276 - 2.2 
0.454 X 51 = 23 
635 + 12 = 53 



34.6 + 22.12 - 56.? 
0.866 - 0.5 = 0.366 
2.823 X 51 = 140 



C.Go3 + 0.1 = 0,63 



(.25) 



A 



Group 1 is correct. 



B 



Group 2 Is correcto 



C 



Group 3 is correcto 



YOUR ANSWER B 



Right. •All rules have been properly applied, You^te ready foj: the 
next stepc . . 



Thus far we have concentrated on numbers laxger than i.. But how 
do we handle numbers smaller than 1 in scientiric notation? Consider the 
number Ool or 1/10. This is actually the reciprocal of 10 o In scientific 
notation we would'write Oci as: 

OA ^ l;iO « lO*"^ 

The minus sign betoire the exponent denotes that the 'MO" has been 
mo-ved- from the denominatcr to the numerator. In other words, we have 
changed the reciprocal (1/10) into non-fractional form (10"-^) ^ 

Here are the scientific-notation forms 6t all the powers of ten from 
0.1 (one-tenth) to OoOOOOOl (one-millionth). 

A quick study of these expressions will 
show imiiediately that you can find th^ 
value of the negative . exponent merely by 
counting the number of places yoa must 
move the decimal to the righ t to place it 
after the "1," 



Which one of the following is the proper expression for one-billionth? 
(33) 

-9 

A 10 ^ 
B 10"^ 



Ool .= io-^ 

0,01 = li.0~2 
OoOOl = lO'^ 
OoOOOl = iO~^ 
0,00001 = 10"^ 
0,000001 = 10~ 
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YOUR ANSWER B 



There is an error in the 4th item of the group. It should read: 

6464.6 = 6.4646 x 10^ 

The decimal point was moved 3 places to the left, not 4 places. 
This gives the power of ten a positive exponent of 3, 



Please return to page 94 and select another answer. 
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YOUR ANSWIJR A 



You arc correct • Excellent world It just happens in this case 
that adding to 299 ;.'iGlds 300. In this nuTnbiir, the 2 zeros after the ^ 
have just as nuch r-.if;,ni(:icnnca as any other digits would have if they 
were arriv^ul at ,:y a si.rv.l.lar process of rounding back, Hov;ever, by thir> 
time you iini'^c he sonicwiiat l.>owildered . In a strlnjn; of final 7-eros, how do 
you kaov^ v^hich ara n»lr,nif icant and which are not? Let's check. When 
numb(M.f3 are rJtrunc, out — like 300,000. km per sec— it is often impo55Ril)le to 
tell how many zeros are ni.p;nif icant unless you know the process v^ hereby 
the number v;as obtained . But, v;hen you learn hov7 to .write measurements 
in powers of ten notation, you will discover thrit this uncertainty vanishes 
completely! So let's x>7ait a while for the answer to the "zero" question. 



Before continuing, please turn to page 127 in the blue appendix. 



Some time back V7e promised you a simple rule for determining^ the 
number of significant figures in any numerical expression. This rule applies 
to all cases except the. one just discussed in which there is a striit"^ of 
final zeros. Hov/ever, the rule does apply even to this type of r.umbcr v;hch 
it is written as a povjer of ten. 



NOTKBOO K ENTRY . 

2, Reading from left to right, the first digit that is not a zero is the 
first significant figure. The next digit is the second significant fif^.ure 
even if it is zero . The next digit is the third significant figure even 
At i£ ^^^o 9 Qtc . 



Please go on to page 8. 
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this rule 


on the following 






Sie Fip. 


Number ■ 






7 2 6 1 




5.800 




4 


7.261 


. A 


5.8 




2 


0,7261 


4 


0,001 




1 


0.726 


3 


5.001 




4 


0.7260 


4 


36.060 




5 


36.0 


3 


. 36.000 




5 


Finally, 62,000 cannot be analyzed 


for 


significant 


figures in 


this form. 


It may have 


2, 


3, 4, or 5 


significant 


figures , 


depending on 


the 


process by 


which it was obtained 








r try your hiind at using the rule. 


On 


scrap paper, 



of thci examples in the p^roups belovj. Check your answer against those 
given, then respond to the choices that follov; the j^roups. 



No. Sig. Figs. No. Sig. Figs. No. Sig. Fi^ 

0.3604 4 62,001 5 78.500 • 5 

62,541 5 -1,000 1 1.0010 5 

0.0805 3 0.0040 2 0.004 3 



Wiich statement below is correct? 
(15) 

A Group 1 has one error . 

B Group 2 has no errors. 

C Groups 2 and 3 have one error each. 

D Each group has one error. 
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YOUR AiNSWER A 



This is incorrect becuase, when we see 10 raised to the 6th power, 
we visualize 10^* The power tells you the number ot times 10 musu bo 
written in the multiplication process. In this case, the power is 6, 
so we have: J 

10 X 10 X 10 X 10 X 10 X 10 « 1,000,000 

But we wanted to reach 100,000,000. Your answer is exactly 100 
times Coo small. 



Please return to page 39 and select another answer, 
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YOUR ANSWER A 



We don't agree« To show you why oaV escimace differs from yours, we 
have redrawn pare of . the original figure in magnified foitn. Refer to Figure 
2o If the edge of the block came all thp way to the imaginary (dotted) 
marker which is exactly midway between 3ol and 3<. 2, the length of the block 
would then be 2.15 cm« You will note that it falls short by, perhaps one 
imaginary divisioiu 




Figure 2. 



Therefore, what was wrong with your estimate of the length of the 
block as 2oi2 cm? 

(2) 

A My estimate was too short o 
My estimate was too long,. 
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YOUR ANSWER C 



Noc You have the right idea about the position of the decimal point, 
but you didn't count correctly the places moved by the decimal point « Note: 



6,450,000 «6 .450000x10 



? 



6 5 4 3 2 1 

How many places to the left did you move the decimal point to go 
from 6,450,000 to 6.45? What should be the exponent of 10?. 



Please return to page 117 and select anc:her . answer • 



2 



12 



YOUR ANSWER B 



You are correct. As illustrated in the m.ignifled view in Figure 2, 
the block does not quite extend to the dotted miaway marker ; thus it must 
be shorter than 2,15 cm.. It falls. short by, perhaps, I imaginary division; 
hence its length is vecy close fo 2Ak cm\: 




Figure 2o 



You X'JXll agree that the last digit (the ^ of 2.1A) is .not all certain*. 
Since it is an estimate by eye, ir is quite possible that two observers 
would obtain different final digits; say, plus of minus 1.. Regardless of the 
possible ±i eitor in the l&sr place, such an estimate should be made in 
every measurement you take« Certainly, the estimated length Is more nearly 
correc t , than a similar measurement made without estimating at all. 

Suppose you try another measurement requiring an estimate for the 
last digit c. The plates used to print Uc S.: one-doliai bills are held to 
very close tolerances; on the green side of the bill, the word ONE right 
across the center is made up of letters whose heights can be depended 
upouc Using exi:reme care, and a magnifying glass if you have one, measure 
the height of the letter E in the word ONE on a dollar bill^ By estimating * 
the last fraction of the millimeter, you can come up with a measurement to 
the nearest OoOl ctHo WHich of the following does your measurement approximate 
most closely? 

(^) 

A 1,91 cm 
B 1,45 cm 



C 



1„40 cm 
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YOUR ANSWER 



You are correct. One-biilionth is one-thousandth of one-millionth. 
It may be written this way: 

one-billionth « 0.001 x 0.000001 = 0.000000001 

Thus, the decimal had to be moved 9_ places to the right to place 
it after the "1;" Hence the exponent of 10 is -9, yielding 10"^. 



NOT EBOOK ENTRY 

(topic 5) 



(c) When a number smaller than 1_ is to be written in scientific 

notation, move the decimal point to the right to place, it after 
the first non-zero digit. The number of places moved by the 
decimal point gi-es the correct negativ e exponent of 10. 



Study the following examples: 



0.159 = 1.59 X 10"^ 
0,0652 =» 6.52 x 10"^ 
0.003386 = 3.386 x 10"^ 
0.000942 = 9.42 x 10"^ 



Now can you express 0.074483 in scientific notation? Which is right? 
(3A) 

A 0.074483 = 7.4483 x 10"^ 

B 0.074483 = 7,4483 x 10"^ 

C 0.074483 = 7.4483 x 10^ 



2 



YOUR ANSWER C 



We don't agree^ To show you why our estimate differs from yours, 
we have redrawn part of the original figure in magnified form. Refer to 
Figure 2« If the edge of the block came all the way to the imaginary 
(dotted) marker, which is exactly midway between 3*1 and 3*2, the length 
of the block would then be 2ol5 cm« You will note, however, that it falls 
short by, perhaps, one imaginary division. 




Figure 2^ 



Therefore, what was wrong with your estimate of the length of the 
block as 2.16 cm? 

(3) 

A My estimate was too longc 
B My estimate was too shorts 
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YOUR ANSWER C 



You are correct* We are ready for the rules governing multiplication 
and division with attention to significant figures. In this case, we shall 
state the rules for notebook entry first, then apply them to samples. 



NOTEBOOK ENTRY 

Multiplication or division with attention to significant figures: 

(a) A product oi quotient should generally (there are exceptions 
but we shall Ignore these) contain no more significant figures 
.than the number of significant figures in the l east precise 
measurement ^ . 

(b) In successive multiplications (such as length x width x thickness 
in finding volume) each intermediate product may be rounded 

off so that it has 1 significant figure more than the least 
precise measurement • 

(c) In divisj-on, the operation should be carried out to 1 significant 
figure more than the number of significant figures in. the least 
precise measurement o Then it should be rounded off to the 

same number of significant figures*, 



For illustration, let us find the volume of a block of wood that: 
measures 10.36 cm long, 5.22 cm wide, and 2.61 cm thick. The least 
precise measurement (pxther 5.22 cm or 2.61 cm) has 3 significant figures, 
so we know that the final volume should have no more than this. Let us 
first find the area of a major face by multiplying length x width; thus: 
10.36 cm X 5.22 cm = 54.0792 cn^. 



According to rule 4(b) what should this area be rounded off to? 
(22) 

2 

A 54ol cm 
B 54.08 cm^ 
C 54.079 cm^ ^ 



YOUR ANSWER C 



Group 3 contains 2 errors in significant figures. 
34 e 6 + 22<.12 56.7 This one is right, 

0.866 - 0o5 = 0«366 This one is wronp,. The least precise 

measurement is the 0,5, a 1 significant 
f.lp,ate number. The answr»r should 
have but 1 significant figure after 
the decimal,, It should be 0,, 4 , 

2o823 X 51 » 140 This one is right. 

0.063 + Oa = 0.63 This one is wrongo The divisor Od is 

a 1-signif icant figure number; hence 
the answer should have only 1 significant 
figure; ic shou-d be 0c6 . 



Please return to page 4 and select another answero 
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YOUR ANSWER — D 



This is the first sample, not the fourth. 



Yo' mus t be guessing, because you should not get even one notebook 
check selection wrong. 

Here is the correct list again. 



Number Sig Figs 

1. 0J006 4 

2. 143.00 5 

3. 0,0601 3 

4. 10.0 3 

5. 4000.6 5 
6o 672.115 6 

7. 80004. 5 

8, 0.00008 1 



Please return to page 62 and select another answer. 



YOUR ANSWER B 



You are correct r Since the "5 7" portion of the decimal is greater 
than 50, we drop it and add 1 to the remainder., Thus: 

2 r6 m 

12c56 m ' 
0>397 m 

15.557 m = 15.6 m to the correct number of significant 
figures. We rounded off because our result, accordinp, to the ):ules of the 
significant figures, should have no more than one uricc^rcain di^^ic^ If we 
had left it as 15^557 m, the result would have had 3 uncertain 'digits 
(5, 5, and 7)- 



There is a faster and simpler way to do this^ We can round off 
the original lengths before addition. This rounding off is carried back to 
the precision of the least precise measurement — in this case back to one 
decimal place since the least precise measurement C2«6 m) has one decimal 
place • 



So, round off the above measurements and then add the resulting 
numbers • What do you get as the sum? 

(IS) 

A 15,4 m 

B 15.5 m 



C 15,6 m 
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YOUR ANSWER A 



You don't mean it I The volume product should not have more significant 
figures than the least precise of the original measurements. The least 
precise measurements vrere 5o22 cm and 2,61 cm. How many significant figures 
does each of these have? Mow count the significant figures in 141.1488. 
The answer is way off, isn't it? 



Please return to page 27 and select another answer. 
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YOUR ANSWER C 



The idea was right, but the procedure was OTong,, In rounding off 
15.557, you simply dropped off the "57" and wore left with 15,5. You 
can't do it that way becausii 57 is greater than 50. 



Please return to page 105 and select another answer. 
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YOUR ANSWER A 



Remember this operation is a simple unit-to-unit conversion which 
as WG have shown cannot alter the precision of the original measurement. 
The distance v/as determined at 1.36 km; this is correct to 3 significant 
figures. Any change in units does not affect che precision. Therefore, 
the answer 1,360 m is also correct to 3 significant figures (1, 3, and 6.) 



Please return to i age 63 and select the right answer. 
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YOUR ANSWER — C 



The speed 186, 2?2 ml per sec is a very precise figure containing 
6 significant digits. In our problems, this number is too cumbersome 
and unnecessary in its full torm We therefore round it off: to 186,000 mi 
per sec to make cui arithmetic in a problem easier to handle This 
sacrifice of the high ptecision ol the original number is not really a 
serious loss because the pur.pose ot a problem is to develop an understanding 
of principles, rather than to find highly precise answers. 

In replacing the digits '*2?2" with "000^" V7e are giving up our 
6-signif leant figure accu5a..'.y in favot of simplified arithmetic expression. 
But in doing sc , we must recogniee this act by_ noting that we have nov; 
reduced the number of significant figures from 6 tc 3, 



Please return to page 57 and select another answer. 



YOUR ANSWER B 



You're not giving the rules proper attention. Rule 4(c) states that 
the division process should be carried out to 1 significant figure more 
than the number of significant figures in the lease precise measutement . 
Then round oft to the same number of significant figures. In selecting 
your answer, you did not follow this rule. 



Please return to page 92 and select another answer. 



I' 
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YOUR ANSWER — B 



You are correct o \s^ien the student presents this answer, the 
teacher will know that 4--signif leant figure precision has been maintained 
He will recognize that the last two zeros simply intorm him there were 
no hundredths oi tenths ot grams left ovar« 



Let's see x^^hat we have so far: 

1..36 km converted to meters = The 0 is not significant: It shows 

where the decimal point is located 
(understood at che end of the number). 



All these 0 * s are significant. They 
are not decimal locaters: they lib 
important digits « 

This £ is_ significant; it points out 
that the precision extends to tenths 
of seconds* 

^^^•^^ O's ate significant; they shou 
that the precision extends to hundredths 
of grams. 



How about the zeros in this operation? A king-size cigarette is 
8t45 cm long. To express this length in meters, V7e divide SJ\5 by }00 
and obtain 0.08A5 in. (A zoxo i.r; always olaced ])ef ore a decirnai number \s 
point to emphasiiio that tiio dei:imal is ceaiiy there ^ Tliio zoro is never 
significant.) But is the second zero — 0 .£r.45--signi£icant ? 

(12) 

A Yes. 



i,360 m 



708; 1,064; 65,008 
14-0 sec 



37.00 g 



B :>)o« 



2 



CORRECT AMSKM'RS: 

0.1006 A 5i<> rig •^^000. 6 5 sig fig Check your notebook answers. 

143.00 5 sig fir^, 672. U5 6 sig fig Errors should' be tracked 

0«.060i 3 SIC S0004-4 5 sig fig down by apply in© the rule. 

10.0 " 3 sig tig 0.00008 1 sig fig 



Nov; that you have learned to determine the number of significant 
figures in a measurement, we shall want to establish tv70 simple rules 
that govern arithmetic operations on significant figures. One of these 
rules governs multiplication and division; the other p.overns addition 
and subtraction. We'll start V7ith addition and subtraction. 

First, remember that you can't add or subtract measurements unless 
they are in the same unit» That is, you can add any number of mass 
measurements if they are ail in kg, any number ot length measurements it 
they are' ail m m, and any number of time measurements if they are all 
in sec , But you can' t add kg to rn ot_ sec . 

To see hou significant figures are handled in addition, let's take 
an example. Suppose you were handed a sheet of paper with the following 
length measurements on it: 

2 .6 meters 
12 . 36 meters 
0,397 meters 

Recall lug that the last figure in any measurement is uncertain, we 
recognize that the "6'' m 2.6 is uncertain, the "6" in 12.56 is uncertain, 
and the in 0*397 is uncertain. Add the numbers as they now stand. 

Wiat is the sum? 

(i6; 

A i4 , 557 meters . 

B 15.^57 meters o 

C 15.55? meters. 



2. 



26 



YOUR ANSWER B 



You ate correct* In this intermediate step, we follow rule 4(b) 
which state chat the intermediate product should be rounded off to one ' 
significant figure more than the least precise measurement- The least 
precise measurement has 3 significant ligu'xes (5.22 or 2.6i cm); hence the 
intermediate product should have 4 significant figures, or 54.08* 



It is particularly interesting to notice what happens to the result 
if a slight erron is introduced into the figures usedo Since the last digits 
of 10.36 and 5^22 are uncertain, it is possible that we should have used 
iO«37 and 5.21. If these numbers are multiplied, the result is 54.0277.. 
Rounding chis number off to 4 si^,nif leant figures gives 54,03o This could 
make a difference of 1 in the third significant figure, thus making the 
third figure uncertain. The error is compounded when such a result is 
further multiplied by a measurement having a possible error. 



Please go on to page 27. 



2 
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We want to find the volume of the block from 10.36 cm x 5^.22 cm x 

2.61 cm,, We have aiready found the intermediate product (10^36 x 5.22) 

to be 54 ,.,08 cm^,. All we need do now is multiply 54»08 cm^ x 2^61 cm. 

When this is done wg obtain an answer of 141.1488 cm-^. 



What would you say about this answer regarding the proper number 
of significant tiguresV 



(23) 



A 



The answer", volume - 141 c 1488 cm , has too few significant 
figures., 



B 



The ansv/er , volume = 141 « 1488 cm^^^, has the correct number of 
slgnifi'^anc figures e 



C 



The answer, volume = 14i«.1488 cm ., has too many significant 
figures., 



2 
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YOUR ANSWER U 



Groups ? and 3 have one error each, but there are no errors In 
Group lo Chectc the analysis belov;: 

Group 1^ 

not 

counted 1st 2nd 3rd 4th 5th 

0. 3 0 6 ^1 Marlced correctl y as sip; figs. 

6 2 5 4 1 Marked correc tly as 5 sig figs. 

0,0 8 0 5 Marked correctly as 3 sip, tigs, 

Check carefully on the number you thought was in error according 
to the marked sip;nif leant figure count. Re sure you understand why you 
made your mistake. 



Please return to page 8 and select another answer. 



■0 



ERIC 



2 
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YOUR ANSWER B 



10 raioed to the 7th power is written 10 « The exponent "7" telis 
us that iO inu«t be written down 7 times in the multiplication processo 
I'hur;. iO^ moavu?: 

10 X 10 X 10 X 10 X 10 X 10 X 10 10,000,000 

But — since we wanted the operation to yield 100,000,000 your ansvjer 
is 10 times too small « 



Please return ^to page 39 and select another answer^, 



30 



YOUR ANSWER B 



Your addition is in error. You forgot to '^carry'^ in the tenths 

column. 



Please return to page 25 and select another answer, 



2 



YOUR ANSWER A 



You are correct. Since the least precise measurement (18.37 g) 
contains 2 decimal places, all other measurements should be rounded off 
to 2 decimal places » 

18,37 18.37 p, 

7.160 s 7cl6 g 

5,432 g 5.43 g 

3,8624 g 3.86 g 

34.82 g 

Subtractions are handled in exactly che same vjay. 





NOTFBOOK ENTRY 


3. Addition or subtraction with attention to significant figures^ 


(a) 


Convert, all measurements to the same unit.. 


(b) 


Locate the least precise measurement (fewest number of decimal 
places) c Round off all other measurements to the same numbei 
of places* 


(c) 


Add oi subtract the rounded values.. 


■ (d) 


Fcr addition or subtraction, che result should have the same 
number of decimal places as the least precise measurement". 


Do the following subtraction with attention to significant figures , 




43 o 6 cm 
- 21.862 cm 


Vlhat 


is t]\e best answer? 


(20) 




A 21 


o738 cm 


B 21 


o 7 cm 



2 32 

YOUR answer"—- B ■ 

You're guessingo That's not the recorded figure. You had better 
review the notebook entry. 

Please go on to page 33. 



2 
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Look at the addition example below. Since the least precise 
Tueasuiement (18.3/ g.) contains 2 decimal places, all other measurements 
should be rounded off to 2 decimal places ^ 

18.37 £5 18-37 g 

7ol60 g 7.16 g 

5«^32 g 5.43 g 

3.862A g 3.86 g 

.34.82 g 

Subtractions are handled in exactly the same way. 



NOTEBOOK ENTRY 

3:, Addition or subtraction with attention to significant figures: 

(a) Convert all measurements to the same unite 

(b) Locate the least precise measurement (fexi;est number of decimal 
places) • Round all other measurements to the same number of 
places*. 

(c) Add ot subtract the rounded values* 

(d) For additlr:i or subtraction, the result should have the same 
number of decimal places as the least precise measurement « 

(Also copy r.he addition ex.:xmple above as an illustration of the way this 
operation is handled with regard to significant figures ») 



Please return to page 93 and select another answer o 
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YOUR ANSWER A 



This had to be a slip! We had re-emphasized that you cannot show 
the desired number of significant figures merely by stringing zeros out in 
a linco When you write "5,000 ftn" without any qualifying statement, nobody 
can say for sure whether this number contains 4, 3, 2, or i significant 
figures 0 



Please return to page 102 and select another answer^ 



2 
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YOUR ANSWER B 



You have correctly added the two zeros to the coefficient to indicate 
that there are 3 significant figures, but you have figured the exponent 
incorrectly<» How many places did you have to move the decimal point 
to change 300,000 to 3oOO? This will tell you how to correct the exponent o 



Please return to page 115 and select another answer. 



2 



Your VNSWER — U 



Try again.. In ouz determination of the width of the dollar bill, vjg 
arrived at an answer of 6,5 7 cm. We recognized that this result contained 
3 significant figures, since each one of the digits told an important part 
of the story. Even the last figure, the uncertain one, is still to be 
considered signifi c a nt since it contributes to the possibility that the 
mec^surement v;ill approach r.he true wj .1th more closelvo 



The length of the bill xs 15.58 cm^ For exactly the same reason^* 
all of these digits are significant, even the last uncertain one. 



Please return to page 109 and select another ansv/er • 



2 3; 

This page has been inserted to maintain continuity of taxt. It is 
not intended to convey lesson information. 



2 
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YOUR ANSWER A 



Incorrect. The precision as originally established by the actual 
measuring instrument is 135.77 cm, correct to 5 significant figures. 
Once this measurement has been made, there is nothing you can do to 
rhanae its nrecision. Going from cm to m by dividing by 100 merely 
chanfes the'nnit expressing'che answer, Since the number of significant 
figures is fixed, the precision remains the same. 




ERIC 



2 



YOUR ANSWER A 



Rij^hcl It pays to keep an accurate notebookn 



Bftfoie continuing, please turn to page 128 in tlic blue appendix. 



This brings co a cj.ose the forTTiSiL lesson on significant figures. 
You V7ili make use of these understandings every time you do a numbericai 
problem in physics r 

As we mentioned in the introduction to this lesson, the next part of 
our job is to review powers of ten and scientific notation. This subject 
is included in most elementary algebra courses in high school, but you may 
have studied it some time ago. A review certainly should be h^^lpful» 

The power to x^7hlch any number is raised tells you how many times 
the number is to be multiplied by itself • For example: 

10^^ means 10 x 10 = 100 

10^ means 10 x 10 x 10 = 1,000 

10^ means 10 x 10 x 10 x 10 10,000 

10^ means 10 x 10 x 10 x 10 x 10 = 100,000 

As you see, the numerical value of the power (the exponent) informs 
you how many times you must write the "10^* in the mulciplications process.. 
Thus, the ey^onent "3'^ in TO'^ tells you to write 10 three times and place 
"x" signs between each of chem. 

To what powet must 10 be .raised in order to yield 100,000,000? 
(2?) 
A 6 . 
B 7 

C 8 ■ 



YOUR ANSJ^R B 



Your exponent is wong. Ten billion is ten times a thousand million. 
Let us first write it out with all its zeros „ 

iO X 1,000 X 1,000,000 = 10,000,000,000. 

Now count the zeros. Since the number of zeros should tell you 
the value of the exponent, you can see why your selection was x^rong« 



Please return to page 106 and select another ansvjp.r. 



ERIC 



YOUR ANSWER A 



Sorry I When you replace significant dip;its with zeros, such as 
186,272 by 186,000, to obtain an approximation, you reduce the preclRion 
of the original number. The word "approximation" signifies less precision. 
You must show this reduction in precision by including fewer significant 
figures in your answer. 



Please return to page 57 and select another answern 
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YOUR ANSWER B 



Incorrect. One-billionth is one-thousandth of one millionth c It 
can be written this way: 

one-billionth « 0^001 x 0.000001 =» 0.000000001 

How many places to the right must the decimal be moved to place 
it just to the right of the "1"? This will give you the value of the 
exponent of I0» - 



Please return to page 5 and select another answer » 



2 
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YOUR ANSWER A 



Make the measurement again. You are misreading the number of 
millimeter divisions beyond the I-cm length. 



Please return to page 12 and select another answer. 



YOUR ANSWER C 



You missed the points The measurements should be rounded off 
to the same number of decimal places as the least precise one. The 
least precise measurement given is 18.3/ g. Since this has only 2 decimal 
places, all other quantities should be rounded off to 2 decimal places. 



Please return to page 89 and select another answer. 



2 



AS 



YOUR ANSWER B 



In order for the block to be 2ol2 cm in length, its edge would have to 
fall short of the dotted imaginary marker by much more tlian it does- 
Actually, the edge falls short by about 1 imaginary division. To yield 
an answer of 2ol2 cm, the edge would have to fall short of the dotted marker 
by 3_ imaginary divisions o 




Figure 2o 



Please return to page 10 and select another answero 
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YOUR ANSWER A 



There are no errors in Group 1. Check the analysis belov;: 
Group 1^ 



not 
counted 

0.0 



1st 2nd 3td 4th 5th 



3 6 0 
6 2 5 
8 0 5 



4 
4 



Marked correctly as. 4 sig figs. 
Marked correctl y as 5 sip, figs, 
Marked coirectly as 3 sig figs, 



Check carefully on the number you tliought was in error according 
to the marked significant t igute counts I'le sure you understand v/hy yo\i 
made your mistake., 



Please return to page 8 and select another answer. 



YOUR ANSWER A 



You rounded off two of the measurements incorrectly • The quantity 
2,6 needs no rounding off;, the quantity 12«56 should be rounded off to 
I2e6; the qutJntity 0.397 should be rounded off to 0,4, 



Please return to page 18 and select another ansvzer. 
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YOUR ANSWER D 



Your choice is incorrect. To arrive at 3.655 from 3 ,655 ,00(\ you 
had to move the decimal point 6_ places to thii left, not 7. Hence, the 
exponent should be 6 and the number should read: 



3o655 X 10' 



Please return to page 60 and select another answer » 
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YOUR ANSWER — B 



For the block to be 2A6 cm in length, its edge would have to extend 
beyond 'the dotted imaginaxy marker. But the edge falls short of the 
midway marker; hence your answer is inaccurate « 




Figure 2 



Please return to page 14 and select another .answer. 



YOUR ANSWER B 



There is an error in'Group 2. Notice: 
Group 2^ 

not 

counted 1st 2nd 3rd Ath 5th • • 

6 2 0 0 1 5 sig figs—righto 

1 0 0 0 ERROR— This g^^oup is labeled 1 sig fig. 

Actually 4 sig figSv" 
OoOO 4 0 2 sig figs—right,. 

Note that each of the zeros in 1^000 is_ significant. This kind 
of result indicates that the instrument V7as sufficiently precise to read 
to 4 significant figures but that the tenths, hundredths,- and thousandths 
places all happen to be zero. 



Please return to page 8 and select another answer. 
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YOUR ANSWER A 



Incorrect. It you had been asked to write 600,000 as a power of ten, 
your answer would be acceptable. However, you v/ere aslced to write it 
in scient_ific no tat ion, which requires that the coefficient should have only 
1 digit befote the decimal point. Look a.r,ain at the expression you chose: 

600 X 10^ 

In this expression the decimal point is understood after the Inst zero 
in *'6Q0'* or: 

600. X 10^ / 
Thus, you have placed 3 digits instead of 1 before the decimal point • 



Please return to page 97 and select another aTlSx^7er• 
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YOUR ANSWER B 



You are correct r The original measurement (1.36 km) contains 3 
sigrtif leant fip.ures. When the expression is changed to motors, precision 
is unaltered. Thus, 1,360 m is correct to 3 significant figures and the 
final zero is not counted as a significant figure <, 



notp:book entry 




Lesson 2 




SIGNIFICANT FIGURES 




!• The number of significant figures in a measurement is determined by 
the precision of the measuring instrument* Converting a measurement 
from one. unit to another in the metric system does not alter the number, 
of significant figures nor the precision of the measurement* 



Just because the final zero in our example turned out to be. 
insignificant, you must not think that all finnl zeros fall- into this' 
classification. Later we will give you a simple rule for determining 
the number of significant figures in any number. For the present, do not 
worry about the status of final zeros. 

As the next step in our study, let us consider an example where a 
zero appears in the ansv/er, but is not a final zero* Hox^7 many significant 
figures would you say are contained in. the distance 304 meters? 

• (9) 

A Three. 



B Two • 



^ 
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YOUR ANSWER A 



By statii\g that the width of his dollar bill is 6«584 cm, your friend 
has given a result in four significant figures, A greater number of 
significant figures, when correctly obtained, implies a greater precision 
not less precision. The question is: Did he make the measurement properly? 



Please return to page 



73 and select another answer. 



YOUR ANSWER • — A 



You've gone too far. We aid say that the least precise measurement 
contains 3 significant figures (5.22 cm or 2,61 cm), and you proceeded co 
round the intermediate step to the same number^ Now look at rule 4(b), 
This says that you are to round back the intermediate product to 2. 
significant figure more than the number in the least precise value « You 
went beyond this, didn't you? 



Please return to page 15 and select another answer. 
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YOUR ans\;er B 



Not according to the rulesc If you multiply 5A.08 cm by 2«61 cm, 
you do get the answer 141 « 1488 cm . But. iJ: we retain all these digits in 
the answer, we give the impression that only the last '^8" is uncertain. 
This is not true^ The volume product should have no more significant figures 
than the least precise of the original measurements » The least precise 
measurements were 5.22 cm and 2,61 cm* How many significant figures does 
each of these have? Compare this with the number of significant figures 
in 141-1488 cxa^ , So, the answer you selected cannot be right • 



Please return to page 2? and select another answet . 
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YOUR ANSWER C 



This answer still lacks something. The orif?,inal V7cight was Tueasured 
to 4-signif icant figure precision* .Removing 0.43 g of sugar does not 
change the ability of the l^alance to measure to 4 significant figues. Why 
express the result to only 3 significant figures? This v/ay, tlic teacher 
would think the student hadn't botliered to estimate to the hundredtli of 
a gram. 



Please return to page 70 and select another ansvjer. 
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YOUR ANSWER . B 



You are correct. Good thinking 1 You rememberGd to apply the rule 
that unit conversions do not affect tl\e precision of; the measurement. 
So here v;e see a circumstance where a zero after a decimal point is not 
significant • Remember the timing example in v;hich the zero after the decimal 
point in 14.0 sec was^ significant? How are v/e going to state a single 
rule that takes care of all these cases? You'll see« 



In 1955, the speed of . light was measured as 186,272 miles per 
seconds This determina.tion has 6-signif icant figure precision • For our 
purposes in physic;s, V7e should like to round this figure off to 186,000 
miles per second » What about the 3 final zeros in this operation? Are 
they significant? . 

(13) 

A Yes* 

B No. 

C I'm not sure. 



ERIC 
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YOUR ANSWER C 



You didn't go far enougho An intermediate step such as this should 
be rounded off to 1 significant figure more than the least precise measurement* 
The least precise measurement (5,22 cm or 2.61 cm) contains 3 significant 
figures, so the area step should be rounded off to 4 significant figureb. 
You rounded back to 5 * . 



Please return to page 15 and select another answer* 



59 



ERIC 



YOUR ANSWER A 



You have added incorrectly. You forgot to ^'carry'' in the units 

column • 



Please return to page 25 and select anotlier answer. 
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YOUR ANSWER B 



You are correct. The decimal point must be moved 6 places to the 
left in order to go from 6,450,000 to 6.45; hence he exponent of Che 
"10" is 6, 





NOTEBOOK ENTRY 


(topic 5) 




(b) 


\^en a number greater than 1 is to be written in scientific 




notation, move the decimal point to the left, if necessary 




to place it immediately after tha fivst iligit. The number of 




places moved by the decimal point gives the correct positive 




exponent of 10a 



The list below presents 4 numbers and their equivalents in scientific 
notationc Only one of the items in this list is entirely correct. Which 
one is it? 

(32) 

A- 5,430 

B 72,800 

C 35 

D 3,655,000 



= 54.3 X 10^ 
= ?.28 X 10^ 
= 3,5 X 10° 
= 3.655 X 10^ 



2 
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This page has been Inserted to maintain continuity of text. It Is 
not Intended to convey lesson Information. 
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yOUR ANSWER B 



You are correct. 43.6 cm - 21.862 cm rounds off to 43.6 cm - 
21.8 cm, which turns out to be 21.7 cm. 



NOTEBOOK CHECK 

Refer to item 2, Lesson 2. This is the rule for determining the number 
of significant figures in a measurement. Under this is a group of samples. 
The fourth sample of the group is: 

(21) • 

A 4000.6 5 . . 

B 672.115 6 . • 

C 10.0 3 • 

D 0.1006 4 
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YOUR ANSWER B 



You are correct. As we pointed out, the precision of a measurement 
in terms of significant figures depends only upon the measurinj> insttument 
and never upon the particuljar unit being usedo In going froiri ceaitimeterfs 
to meters, \^?e merely change our unit system. We do not affect the 
precision because this was originally established by the type of Tneasurinp; 
instrument used. Thus, despite the" fact that 1 .3577 is correct to tlie 
fourth decimal place compared to 135,77 which is. correct to the second 
decimal place, the two expressions have exac t ly the same pre cisio n since 
both contained 5 significant figures « 



Try another example with a slightly different twist to check your 
under stand ing. The distance between two houses is measured as i,36 kmn 
This figure is then converted to meters by multiplying by 1,000. The 
answer is 1 , 360 meters . 



Here is our question: Is the zero in 1,36_0 counted as a significant 

• figure? 

(8) 

A Yeso ' - 

. .B No. 



2 



YOUR ANSWER A 



Your counting is faulty. How many places did you move the decimal 
point to go from 0.074483 to 7.4483? You moved it 2 places, right? Then 
why show an exponent of -3? 



Please return co page 13 and select another answer. 



ERIC 
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YOUR ANSWER A 



Somehow you missed the point in our last discussion. In this 
particular number, all the figures are significant whether they appear 
before or after the. dcciiiial point. Very shortly we will develop a few 
simple rules for determining the number of significant figures in anv 
number, but in this case our judgment of the number of significant figures 
IS not complicated enough to require any special rule. 



Please return to page 109 and select another answer. 
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YOUR ANSWER A 



You ate coriect. The coefficient had 3 significant figures (3oOO), 
and the .xponent is correct « 



NOTEBOOK ENTRY 

(topic 5) 

(d) The number of significant figures in any measurement is given 
bv the number of digits in the coefficient, including all zeros . 

Examples 

5.00 X 10^ « 5,000, in which rhe first _3 digits are significant o 
710.00 X 10^ = 7,100,000, in which the first 5 digits are significants 
1,000* X 10^ = 10,000, in which tie first 4_ digits are significants 



Please go on to page 67 « 
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Please go tc the Wcrki^heet c.n page :^ 2 9 I'or the '.last aud:;.a tape 

You have now completed the study portion of Lesson 2 and yout 
Study Guide Computer Card and A V Computer Card should be ptoperly punched 
in acco'idance with your perifoxmance in this Les.c>on. 

You should new p.coceeri to complete your homework reading and problem 
assignment. The problem solutlcrAS must be clearly written out on 8^" by 
li" ruled, white pap^r, and then submitted with your name^ date, and iden-- 
titication number. Your instructor will grade your problem work in terms 
of an objective preselected scctle on a Problem Evaluation Computer Card 
and add this result zo your computer proiileo 

You are eligible for the Post Test for this Lesson only after your 
homework problem solutions have been submitted o You may ;.hen request the 
Post Test which is tc be answered on a Post Test Computer Card., 

Upon completion or the Post Testj you may. prepare for the next Lesson 
by requesting the ^ivpprcpriate s 

i,. study guide 

2. progrsmi coiitroi matrix 

3^ sec of computer cards for the lesson 

4 0 audio tape 

If fi3.ms or other visual aids are needed for this lesson^ you will 
be so informed when you reach the point where they are required * Requisi'- 
tion these aids as you. reach chem. , 



Good Lucko 



2 
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YOUR ANSWER — B 



You didn't round off far enouc'io The least precise measurement 
is 18,37 V7ith 2 decimal places. Therefore all iihe measurements should 
be rounded off to 2 decimal places and then added r 



Please return to page 89 and select another answer. 



ERIC 
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This page has been inserted to maintain continuity of text. It is 
not intended to convey lesson information. 



ERIC 
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YOUR ANSWER B 



You are correct. The zero after the decimal point is added for a 
specific purpose: It. shows that the watch can measure to tenth-of --a-sccond 
precision but, in this particular case, there were no tenths left over. 



Try this one, A physics student measures a mass of su,7,ar by means 
of a pan balance. Since this balance can determine masses to the nearest 
hundredth of a gram, he uses this capability and obtains a mass of 37,43 
g. Nov;, carefully and slowly he removes sugar grains one by one until he 
has subtracted exactly 0.43 g. How should he record the resulting mass of 
sugar still left on the balance if he v/ants to inform his teacher of the 
precision to v/hich he has worked? 

(11) 

A 37 g. 
B 37.00 g. 



C 37.0 g. 



YOUR ANSWER D 



That's not the answer. You had better review the notebook entry. 



Please go on to page 12* 
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Look at che addition example below. Since the least precise 
measurement (18 0 37 g) contains 2 decimal places, all other measurements 
should be rounded off to 2 decimal places. 

18.37 g 

7.16 g 

5.43 g 

3.86 g . 

34„82 g 

Subtractions are handled in exactly the same way. 





NOTEBOOK .ENTRY 


3, Addition or subtraction x^ith attention to significant figures: 


(a) 


Convert all measurements to the same unit. 


(b) 


Locate the least precise measurement (fewest number of decimal 
places) • Round all other measurements to the same number of 
places* 


(c) 


Add or subtract the rounded values* 


(d) 


For addition or subtraction, the result should have the same 
number of decimal places as the least precise measurement. 


(Also copy the addition example above as an illustration of the way this 
operation is handled with regard to significant figures-) 



18.37 g 

7.160 g 

5.432 g 

3.8624 g 



Please return to page 93 and select anotaer answer. 
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YOUR ANSWER B 



You are correct. Perhaps your measurement v/as as low as 1.43 cm 
or as high as 1.47 cm. This does not mean inaccuracy on your part. It 
may be that your rule differs slightly from ours, or that the plate used to 
print your bill had a slight variation. It is important that you recognize 
that each of the 3 digits in 1.45 is meaningful or significa nt. Although 
the 1_ and 4^ are absolutely certain, the 5_ is uncertain but still significant 
because it brings the answer closer to greater precision. 



Widths and lengths of dollar bills are not quite so uniformo 
Nonetheless, we would like you to measure the width of your dollar bill 
to the nearest 0»01 cm and write the answer. We have measured our 
dollar bill and find it to be 6.57 cm wide. Although this may not match 
your measurement exactly, the two should be close. Certainly, your 
answer should have the same number of significant figures ; 3 all toldo 
Next, let us imagine your friend measures the width of his dollar bill 
with your rule and announces that its width is 6.584 cm* Which of the 
following would be the best answer to give him? 



(5) 



A 



'You have not measured with enough precision. 



B 



"You are getting better precision with the rule; you were 
probably more careful than I was." 



C 



"Your answer has 4 significant figures;, it is not possible 
to read the rule with this precision." 



2 



YOUR ANSWER A 



The difference you obtained is cortecc except that no attention was 
paid CO significant figutes- Read the rule for subtraction in youi nctebool 
with attention to signif .ant figures. 



Please return to page 3i and select another answer. 
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YOUR ANSWER A 



You are correct. In order for the block to be 2,12 cm in length, 

its edge would have to fall short by much more than it actually does. 

Hence, the estimate of the length of the block should yield an answer that 
is greater than 2«12 cm. 




Figure 2. 



You should have enough information now to return to the question 
you missed earlier. Please return to page 3 and select another answer. 
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YOUR ANSWER C 



You flipped up: Th*^ decimal point was moved to the right. This 
calls for a negative exponent o Your exponent is positive, which means 
that your answeiT, 7c4A83 x 10^ « 744o83o This is not .Oo074483o 



Please return to page 13 and select another answer. 
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YOUR ANSWER A 



You are corrects A zero in a v/hole number which falls between 
two other non-zero digits, as in 708, 1,064, and 613v077 is just as 
informative as any other digit in the sime place,, Hence, such zeros 
are significants The same is true of more than one zero, as in 2,008 or^ 
456,002^ All these zeros are significant. Does it sound complicated? 
Don't be overly concerned with the question, "When is a zero significant 
and when isn't it?" We shall soon give you a simple rule for answering 
this question. We are interested now in having you understand each 
example as we come to it ; don' t try to remember every one of these as 
5. spg^ial case . 



A student has a stop watch capable of measuring time intervals to 
the nearest tenth of a second. He times three of his friends in a 100- 
meter dash and obtains this data: 

Boy A — 14 » 6 sec Boy B — 14.3 sec Boy C — 14.0 sec 



You x^;ill agree, of course, that there are 3 significant figures in 
Boy A's time, and 3 significant figures in Boy B's time. But how ruany 
significant figures are there in BoyC's time? 

(10) 

A Twoo 



B Three • 
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YOUR ANSWr:R — R 



You arc correct. In replacing the digits "272" wich "000," we give 
up the original 6-signif icant figure precision in favor of simplified 
arithmetic expression. At the same cima, we recognize we now have reduced 
the precision to only 3 significant figures and the zeros cannot be counted 
as significant. 



As our last example, we are going co deal a low blow.. In 1.955, 
Bear don and Thomson published the latest value for the velocity of light 
in tiie metric system as 299,792,8 km per sec. (Note this is km, not mi 
per sec*) This value has /-significant figure precision. He sliouid like 
to round it off to 3 significant figures just as we did for tiie speed of 

light in mi per sec. Noting that the last four digits (_ 792,8) as a group 

is larger than 500, we have to add J;^ to the first 3 digits, and then replace 
792.8 with 000. 



Thus, 299,792.8 km per sec rounded off to 3 significant figures 
becomes 300,000 km per sec. From our previous experience, ve know that 
the last 3 zeros (that is, 300 , 000 ) are not significant* But , are the 
first 2 zeros significant or not ? (that is, 300,000) 

(14) 

A Yes. 



B Noo 



2 
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YOUR ANSWER C 



Your choice was not right. As we shall prove later, any number 
raised to the zero power such as 10^ is equal to 1^. Thus, this answer 
says that 35«3«5xl»3o5. This is incorrect, of course « 



Please return to psje 60 and select another answer. 



2 
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YOUR A^]SWER B 



You rounded off one of the mGasuremencs incorrectly. The quantity 
2.6 m needs no rounding oft; the quantity 12.56 should be tounded otf to' 
12.6; the quantity 0.397 should be rounded off to 0.-4v 



Please return to page 18 and select another ansvzer v 



YOUR ANSWER B 



But was he? You have measured the widtli of a dollar bill* You 
undoubtedly had a bit of trouble estimating the third sip;nif:icant figure 
even with the help of a magnifying glass • Can you imagine any human 
being with eyesight sharp enough to estimate to the nearest t housandth 
of a cm with an ordinary rule? Of course not^ You must conclude that 
your friend either place his decimal in the wrong place or is completely 
in err^r in reading the scale. 



Pleasp return to page .73 and select another answer*^ 



2 
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YOUR ANSWER A 



This answer contains two errors in thinking. First, the sum 
15.557 m suggests that all digits are certain, except the final "7." 
This is incorrect and misleading. Secondly, there is something we can do 
about iti Think a bit. What do we generally do with any measurement 
which, for one reason or another, contains more dip,its that we want? 



Please return to page 105 and select another answer. 



/ 
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YOUR ANSWER — B 



You didn't count the zero as significant, but you should have. 
Suppose the distance had been 314 meters or 354 meters: v/ouldn^t 
you have counted the "1" and the "5" in these measurements as 
significant? Of course. Well, the zero in 30^4 is just as significant 
as the "1" or the "5" in the other nun\bers. A zero in the middle ot a 
i^hole number like 304 or 7083 or 16,607 is just as significant as any 
other digit o The same is true of a measurement like 5,008. gm or 309 
hours. All such zeros are significant. 



Please return to page 52 and select another ansv;er 



2 
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YOUR ANSWER A 



This item is not correct with respect to the conventions of scientific 
notation. It should be written: 5.43 x 10^, 



Please return to page 60 and select another answer. 



2 
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YOUR ANSWER When rounding -off 298,792.8 to S-signif icant tigure 

precision, the result whould be 299 ,000 . 



Now, this is the result you .might expect. You liad 7 significant 
digits in the first place; you dropped 4 of these, replacing them hy zeros, 
and added ^ to the opening group of 3 digits to obtain 299,000 km per sec. 
You will agree that all 3 of the digits in this answer (2, 9, and 9) are 
significant.. 

Is there any reason to think that if these first 3 digits liappen to 
round out to 300, as i ' 300,000 km per sec, that all three digits (3, 0, 
and 0) arc not significant? Nature doesn't play favorites like this, not 
even witii numbers I 

This is an unusual set of circumstances. It leads to a rather 
contradictory result: Sometimes we count zeros in a string as significant 
and sometimes we don't. We hope to clarify this shortly. 



Please return to page 78 and select another answer. 



2 
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YOUR ANSWER — R 



You mad.3 an incorrect choice. There is an error in the first 
member of this f;roup<, 



30,000 should be written as 3 x 10^, 



Remember that, in scientific notation, the coefficient must be 
expressed as a single digit before the decimal point whether the latter 
is expressed or implied c 



Please return to page 111 and select another answer. 



YOUR ANSWKR A 



You are correct. For the block to be 2,16 cm in length, its edge 
would have to extend beyond the dotted midway markero Thus, the actual 
length of the block must be less than 2,15 cm, not more than this figure 




Figure 2, 



"""^ 

You should have enough information now to return to the question 
you missed earlier. Please return to page 3 and select another answer. 
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YOUR ANSWER C 



You are correct- In Group 2, the number 1.000 is indicated as 
having only 1 significant figutev Since all three zeros in 1.000 are 
significant, this number has 4 significant figures. In Group 3, the 
number 0«004 is shown as having 3 significant figures. Tliit^ is incorrect 
since not one of the zeros is significant according to our rule. 



How many significant flgues are there in each of the following? 
Copy this list into your notebook under the rule for significant figures. 
Write your answers lightly in pencil until you have checked tliem against 
our answers. 



. NOTEBOOK ENTRY 




Number Sig. 


Figs. 


0.1006 




143.00 




0,0601 




10.0 




4000.6 




672.115 




80004. 




0.00008 





Please turn to page 25. to obtain the right answers. 
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YOUR ANSWER — 



You are correct. You've gotten the idea. Now, for practice, cidd 
the column of figures belov; and express the result in the proper number 
of significant figures. 



The sum is: 
(19) 

A 34o82 ^ 
B 34,824 g 
C 34 „ 3244 R 



18.37 g 

7,160 g 

5.432 g 

3.8624 g 



2 
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YOUR ANSWER 



The errors in this group occur in the second and third members c 

.2,000 should be written as 2 x 10^. 
90,000 should be written as 9 x 10^. 



Remember that, in scientific notation, the coefficient must be 
expressed as a single digit before the decimal point, whether the latter 
is written or implied o 



Please return to page 111 and select another answer « 
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YOUR ANSWER 



Vou are correct. The first 3 digits (1, 5, and 5) are absolutely 
certain; the last digit (8) Is uncertain but is still sJ "^^nif lean t. . Hence 
the number 15*58 has 4 significant figures. 

Before continuing, please turn, to page 126 in the blue appendix « 



So you see that a given moasuring instrument can give varying 
numbers of significant figures aependinp, upon the magnitude of the 
dimensions being measured. The lengtli of the bill is great p.nough to 
enable the rule to provide 4 significant 'figures . But a larger object, 
such as a table- top, might yield the result 135.77 cm, thus expressing 
the length to 5 significant figures. 

. The precisio n of £ measurement in terms of significant f i?>u res 
depends only upon the measuring instrument and never upon Lhe par ticular 
unit being used . Consider the table-top measurement of 135.77 cm. If 
we wish, we can express this length in meters by dividing the number by 
100. Hence, the length of the table is 1.3577 meters. Now let's think 
clearly. Did the simple process of division by ICO increase Che precision 
of the measurement? 

O) • ' 

• A Yes. 

B No. . 



C I 'm not sure . 



t 
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YOUR ANSWER C 



You are correct , In this patticuiar problem we saw thaC the least 

precise measurements had only 3 significant figures. Thetetore, according 

to rule ^(a), the final product should have no more than J signlticant 

figures.: But the answer, volume « I^Ki^88 cm^, is misleading because 
it indicates ? significant iigu:Q9» 



Roanding, this figure ctr to 3 significant figures hiexds the answer: 
volume » i^i cm-^. This is correct. 

Most students have an uncomfortable feeling about a result like 
this because it appears to be much lers precise than the original figures^ 
The length, width, and thickness are, respectively, 10*36 cm, 5.22 cm, 
and Z.bl cm* These ate ail correct to the neaxest hundredth ot a centimeter, 
yec the answer is only corrMct to the nearest whole cubic centimeter. Rut 
If you riamember that all of ti.e original dimensions were uncertain in the 
last decimal place, and that uncertainties multiplied by uncertainties 
compound the error, you can perhaps realize why any result carried further 
than 141 cm-^ would give a false impression of the precision with which the 
measurements were taken- 



New let's try a division with attention to significant figures* 
Divide 866c 38 by 27. According to rule 4(c), how many significant figures 
should the quotient have? 

(24) 

A 2 

B 5 



ERIC 
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YOUR ANSWER B 



You are correct. All the rules for significant figures have been 
observed In Group 2. 



Note that no answer has more significant figures than the least 
precise measurement. That's the way to do it I 



Refer to item 3, Lesson 2. You should have a sample showing how 



attention is given to significant figures in addition. Wliat was the sum 
obtained in this sample? 



(26) 

A 34.82 

B 34.96 

C A1.63 

D 56.88 



1.87 + 0.586 = 2.46 
5.5 - 3.276 » 2.2 



0.454 X 51 - 23 
635 +12 = 53 



NOTEBOOK CHECl 
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YOUR ANSWER B 



Yoxi are correct o To go from 0,074483 to 7.4483, the decimal 
point had to be moved 2 places to the right c Thus, the exponent of 10 is 
-2, yielding 10"~2 as the power of ten« 



A practice session is called for here. We are going to mix numbers 
greater than 1 and numbers smaller thai^- K Be careful I Check each of 

the examples in the groups below. Then find the only group in which all 
the expressions are entirely correct. 

Group J[ Grou p 2^ Group 3 

4037 « 4.037 x 10^ 0o000856 » 8o56 x 10"^ 0o544 » 5.44 x 10~^ 

0.0046 - 4.6 X 10~3 0.03306 » 3*306 x 10""2 looi « ioOOl x 10^ 

736,4 « 7.364 x 10^ 1701 - lo701 x 10^ O0OOOOO8 - 8 x 10^ 

0.0707 - 7«07 X 10"^ 6464o6 - 6o4646 x 10^ 245o33 « 2.4533 x 10 



(35) 



A Group 1 is entirely co irgcte^^^^ 
B Group 2 is entirely corrects 



C Group 3 is entirely correct « 



2 * . 

YOUR ANSWER — C 



units 




We have seen that the measurement expre-^,;3es the length of a table 
determined by a centimeter rule to the nearest hundredth of a centimeter . 
We can then say this measurement is correct to .3 significant figuresc Thi 
precision is possible because the rule is divido,d into centimeters, and 
further subdivided into millimeters, or tenths of centimeters. The final 
digit (the last 7) v/as obtained by estimating as closely as possible the 
fraction of a millimeter by which the table exttMided beyond 135.7 cm. 

Once we write 135.77 cm as the length, we have irrevocably 
established the precision to which we are working. Our length is correct 
to 5 significant figues, no more, no less. Should we wish to change the 
expression to meters (by dividing the number of cm by 100) , we do not 
alter the number of significant figures: 135.77/100 = 1.3577. There are 
still 5 significant figures. Hence the precis5.on of the measurement 
remains unchanged . 



Please return to page 91 and select another answer. 



\ 
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YOUR ANSWER A 

You aie coitect. Ten billion is: 

10 X 1,000 X 1,000,000 = 10,000,000,000 

There ate ten zeros in 10,000,000,000; hence the exponent is 10, 
and the power of ten is 10^0 . 





NOTEBOOK ENTRY 


5. Powers- 


-of-iO and Scientific Notation 


(a) 


The exponent of a number written as a power of ten indicates 




the number of zeros following the 




Examples: 




10*^ = 1,000, which has 3 zeros. 




10^ ^ 100,000, which has 5 zeros. 



Please go on to page 97. 
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Let's go ahead. Consider a number like 5,000. Since 5,000 is 
5 X 1,000, we can write it this way: 

5,000 = 5 X 1,000 « 5 X 10^ 

Another example: 800,000 can be written several ways: 

800,000 = 800 X 1,000 = 800 x 10^ 
or 800,000 = 80 X 10,000 =• 80 x 10^ 
or 800,000 = 8 X 100,000 = 8 x 10^ 

I 

All of these ways of writing 800,000 are cori'ect. In each of thebe 
expressions, the number before the "x" sign is called the coefficient in 
the top expression, the coefficient is 800, in the middle one it is 80, and 
in the last expression it is 8* In order to standardize oui work in sclentiiic 
measurements and calculations, we establish the following rule: The 
coefficient should always be wricten as a single digit before the decimal 
point. If a decimal point is not shown, it Is understood at the end of 
the number. Therefore, of the three ways of siting 800,000, sho^m above, 
8 X 10^ is the proper form for scientific notation ^ 

Similarly, in scientific notation, 

AO, 000 is written as 4 x 10^ 
and 7,000,000 is v/ritten as 7 x iO^ 



How would you write 600,000 in scientific notation? 
(29) 
A 600 X iO^ 

. B 6 X 10^ 
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YOUR ANSWER A 



If there v;ere truly only 2 si^^nlFlcant fifrures in i4,0 sec, why 
shouldn't we write it as merely 14 r.cc? Doesn't: the final zero in this case 
show the timer was measuring to 3-?3ignif icant figure precision but Llie 
last digit happened to be a zero? In other v/ords, the zero is added to 
show the watch can measure to tenths of seconds but that there were no 
tenths left over in this particular measurement • 



Please return to page 77 and select another answer « 



YOUR ANSWER C 



A wild guessl It is not the answer* You had better review th 
notebook entry. 



Please go on to page 100 » 



2 



Look at the addition example below. Since the least prer;ise 
measurement (18.37 g) contains 2 decimal places, all other measurements 
should be rounded off to 2 decimal places. 

18.3? 8 18.37 g 

7.160 g 7.16 g 

5,432. g 5.43 g 

3.8624 g 3.86 

34.82 g 

Subtractions are handled in exactly the same way. 



NOTEBOOir. ENTRY 

3o Addition or subtraction with attention to significant figures: 

(a) Convert all measurements to the same unit, 

(b) Locate the least precise measurement (fewest number of decimal 
places). Round all other measurements to the same number of 
places. 

(c) Add or subtract the rounded values. 

(d) For addition or subtraction, the result should have the same 
number of decimal places as the least precise measurement v 

(Also copy, the addition example above as an illustration of the way this 
operation is handled with regard to significant figures.) 



Please return to page 93 and select another answer. 



ERIC 
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YOUR ANSWER A 



You are correct. In each item In Group 1, all rules were rigorously 
observed^ Good work. 



Now let's fulfill a promise made some time back. 

You will recall there is one particular situation where you cannot 
tell how many significant figures there are in a number unless you know 
the steps that led to the final value o For example, suppose you are handed 
a sheet of paper on which is written, ''The street I live on is 5,000 fto 
longo" 

What does this mean? Is, the street precisely 5,000 ftc long? Did 
your friend use a measuring instrument that permitted 4-signif icant figure 
precision? Or 3? Or 2? There is no way to determine the answer jus t by 
looking at the number » 

You might ask/ "What did you use to measure th^ length of the 
street?" and be answered, "I estimated it by eye J' 

The eye is a >oor instrument for measuring long distances, so a 
justifiable conclusion would be. that the true length of his street might be 
anywhere between 4,000 and 6,000 ft* Therefore, even the "5" in 5,000 fto 
is uncertain. Thus the 3 zeros must not be significant* In scif^ntific 
notation, you could write the street length as 5 x 10 . This way, you 
have positively indicated that only the "5" is significant. 



Please go on to page 102 « 
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Suppose you know trcm expedience that youx tMend has a good 
"eye" for distances. Vheretore you might assume that the "5" is certain 
*>ut that the length coi,id have been anywhece fiom 5,000 to 5,099« This 
makes the flicst zeic cestaino Thus^ the first two figures are significant, 
and the last 2, are not n You could show this by writing the length of the 
street as 5.0 x 10^, Notice what was done, A zero was added after the 
decima l point , thus making t his gei o significant . 

Let's go furtheiic Assume tha^ youi itlend used a foot-rule 5,000 
times in meaisuiing the street ^ He. had to be somewhat inaccurate, and 
possibly missed a count or so» Anyway, you feel that the true street 
length is somewhere between 5,000 and 5,010 fto You're sure of the 
"5o0_" portion, but the second zero is uncertaino Therefore, this 
measurement has 3~signif icant figure precisiona Now you can write the 
street length as 5«00 x 10-^ teeto 

You should have the idea now To express a number with a string 
of zeros in scientific notation, you tell your reader just how many 
significant figures it contains by adding the correct number of zeros 
after the decimal points 

Finally, if the street measurements were sufficiently precise to 
depend upon within a foot or so, this would give the number a 4-signif icant 
figure value o 



How would you. indicate that there were 4 significant figures? 
(36) 

A By writing 5,000 ft. . ■ 

B By writing 5o000 x 10"^ ft. 
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This pagr. has been inserted to maintain r.oni:inuity of textc It is 
not intended to convey lesson informationt 
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YOUR ANSWER C 



Close, but not good enough. Make the measurcmont aga in, using 
the 10-cm mark on the rule as the index , or starting point. Line this up 
very carefully with one horizontal leg ot the E; then make your estimate 
carefully. Remember, you are supposed to be measuring the height of the 
letter En 



Please return to page 12 and select another answer 
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YOUR ANSWKR C 



You are correct, nut how about significant figures? Look here: 

2.6 m The '^6" is uncertain. 
12.56 m The "6" Is uncertain. 
0.397 m The ^'7'' is uncertain. 

15.557 m In this sum, each digit of the decimal poction 
( .557) has been obtained by adding at least one uncertain digit Co the 
othersv Therefore , the entire decimal portion is uncertain . We have seen 
that it Is useless to express a measurement with more than one uncertain 
digit at the end of it, but this one has 3 uncertain digits. K^tiat does this 
suggest that we ought to do? 

(17) I 

A Leave the sum as it stands since there is nothing we can do 
. about it. 

B Round off the sum to 15*6 m. 

C Round off the sum to 15.5 ra. 



ERIC 
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YOUR ANSWER C. 



You aie coriecL. 10 means: 

iO X 10 X iO X 10 X 10 X 10 X LO X iO ^ 100,000,000 

.Count the 2eros in 100,000,000* There are 8 ot them. Thus, we may 
conclude that in a power of 10, the numerical value of the power tells 
you the number of zeros after the '4'* in the number « For example: 

10^ = 100 The ''V tells you that there ace 2 

zeros after the "1" in ''100.'' 

10^^ = 100,000,000,000 The "U" tells you that there are U 

zeros after the "1./^ 

In the United States, the word "billion" means one thousand million c 
(Incidentally, in Great Britain, "billion^^ represents a million million. 
We shall consistently use the U, S. equivalents) 



Which of the powers of ten below expresses ten billion? 
(28) 

A 10^0 
B 10^2 
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YOUR ANSWER C 



Although you have expressed 300,000 correctly in scientific notation, 
you have not shown that the number has 3 significant figures « To. show this, 
you must add 2 zeros after the decimal point (understood) , giving you a total 
of 3 significant figures in the coefficient. 



Please return to page 115 and select another answer* 
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not intended to convey lesson information* 
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YOUR ANSWER C 



You are corr';>ct« An ordinary cm rule cannot measure the width 
of a dollar bill to 4 significant figures- The best it can do is"^iOvide 
3 significant figuies- 



Remember that the last figure in any measurement is always uncertain 
since it is an estimate by eye* The question is, "Can an ordin^ty cm . 
rule give measurements of more than 3 significant figures in ari^ measu; e- 
ment?'* You will note that^we emphasized width of a dollar bil l in the first 
sentence above* How about the length of the same bill"! 

Check us on this: A measurement with our rule gives the length 
of a fJicfllar bill as i5,58 cm« Your bill may be slightly longer or shorter 
than this (tl.,5 mm). How many significant figures does this answer 
contain? 

(6) ' ■ 

A 2 
B 3 



C 4 
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YOUR ANSWER A 



This is the fifth sample, not the fourth. 



If you get even one notebook check wrong, you MUST be guessing 
Below is a review of the coriect listing for youo 



Number Sig Figs ' 



L. Q,1006 4 

2„ 143oOO 5 

■j. 0,0601 3 

4, 10.0 3 

5„ 4000,6 5 

6. 672,115 , 6 

7. 80004 o 5 
8„ 0,00008 1 



Please return to page 62 and select another answer. 



YOUR ANSWER B 



You arc correct. The rule in scientific notation is that the coettlcleTti 
should have only 1 digit before the decimal point. In 6 x iO^ we really 
have 6, x lO^, but we normally do not \>nrite the decimal pome in such cases* 



Only one of the groups below is entirely correct with respect to 
scientific notation. Which one is it? 

Group Grot3p 3 

600 = 6 X 10^ 30,000 = 30 x 10^ 90,000 = 9 x iO'* 

2,000 - 20 X i02 8,000 = 8 x 10^ 3,000 - 3 x )0^ 

90,000 - 90 X 10^ 200 = 2 x 10^ ' ^00 ^ A > 10^ 

(30) 

A Group 3 is entirely correct* 
B Group 2 is entirely correct* 



C Group 1 is entirely correct. 
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YOUR ANSWER A 



No. You have the right idea about the position of the decimal 
point, but you didn't count correctly the places moved by the decimal point. 
Note: 

6,450,000 «6o450000xlO^ 
6 5 4 3 2 1 

How many places to the left di<^ you move the decimal point to go 
fvom 6,450,000 to 6e45? What should oe the exponent of 10? 



Please return to page 117 and select another answer a 



» 
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This page has been inserted to maintain contuity of text. It is 
not intended to convey lesson information. 
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YOUR ANSWER B 



You are correct « To be certain that you really have the idea, look 
over the following additional examples. All of these are correct.. 

8,000 precise to sigp figo » 8 x 10^ 

'25,000 precise to Z sigo fig* » 2.5 x 10^ 

25,000 precise to 4 sigo fig. =» 2.500 x 10^ 

270,000 precise to ^ sig. fig. « 2.7 x 10^ 

270,000 precise to 2 sig. figo -2.70 x 10^ 

270,000 precise to 6 sigo figo = 2^70000 x 10^ 



We'll go back now to an example we used in an earlier part of this 
lesson. You may remember that Beardon and Thomson, in 1955, measured 
the speed of light precisely at 299,792.8 km per sec. In rounding this off 
to 3^ significant figures, we were forced to write 300,000 km per sec, but 
this left us unhappy because a strung-zero number like this does not 
provide any information about significant figures. 



Now you should be able to express this rounded-off number in 
scientific notation so that anyone would know without doubt that the 
measurement had 3-signif leant figure precision. How would you do it? 

(37) 

A 3o00 X 10^ km/sec 

B 3o00 X 10^ km/sec 

C 3 X 10^ km/sec 



2 116 
YOUR ANSWER C 



There is an error in the 3rd item of the group* It should read: 

0*000008 « 8 X 10~6 

Notice that the decimal point was moved to the right o This makes 
the exponent negative , not positive. 

Please return to page 94 and select another answer* 

I 

i 



* 
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YOUR ANSWER A 



Right. Good I You applied the scientific notation rule that the 
coefficient must be expressed as a single digit before the decimal point 
whether the latter is expressed or implied. 



Now you are ready to write more complicated numbers in scientific 
notationo Suppose you want to express 175,000 in scientific notationc 
First, visualize the decimal point at the end of the number; thus: 



Next, move the decimal point to the left until there is one digit in 
front of it, thus: 



Since you have moved the decimal 5 places, you have really divided 
the number by 100,000. To restore the number to its original value, you 
must now multiply it by 100,000, or 10^ <. So we have: 



175,000. 



1.75000 



175,000 = lo75 X 105 



Here are some 



additional examples: 



86,600 = 8o66 x 10 
3,200 - 3.2 X 103 
76,000,000 = 7o6 x 10^ 



How would you 



express 6,^^50,000 in scientific notation? 



(31) 



B 



6,450,000 



6, 450', 000 



St 



6o45 X lO^o 
6,45 X 10^. 



6,450,000 



6c45 X 107. 



ERIC 
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is not intended to convey lesson information. 
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This page has been Inserted to maintain continuity of text. It is 
not intended to convey lesson information. 
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YOUR ANSWER A 



This violates the firm and hard rule that unit conversions within 
the same measuring system do not alter the precision of the initial 
measurement . The original measurement V7as 8.45 cm, given co 3 significant 
figures. In converting to meters, 3 significant figures are retained* 
If you counted the second zero as significant, how many significant 
figures would the result have? This would violate the conversion rule, 
would it not? 



Please return to page 24 and select another answer 



*2. 



YOUR ANSWER A 



Group 1 contains 2 errors in slgnific^int llguies« 

63 1 -t- 16.336 =* 59.4 11-^? one is tight.. 

6.SvS5> - 3.1 - 3*S This one is eight, too 

12,8 X 7 = 89.6 This one ".s wrong. The least precise 

measurement is the This has one. 

slgniticant tigu-::e; hence ;.hti dnswe: 
should be bounded ott lo 90. The ^eto 
in "90" is not sip,nitic«ini 

866 + 12 = 72.2 This is wrong, too. The .east pjecise 

measurement is the "i2'\ a 2-signlJ icant 
figure. The answer, theretc^^e, should 
have 2 significant tigutes, that is, -'2 



Please return to page 4 and select another answer. 
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YOUR ANSWER B 

This is the sixth sample, not the fourth 

Even if you get only one notebook check wrong, you must be guessing, 
and you need to arrange your notebook more carefully. 

Here Is the correct list again. 



Number ' y 3 

1. 0.1006 4 

2. 143.00 5 

3. 0..060I 3 

4. 10...0 3 

5. A000.6 5 
6.. 672,. 115 6 

7. 80004. 5 

8. 0,00008 1 



Please return to page 62 and select another answer , 
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YOUR ANSWER — 



r „ ^° '^'^^"^ precision did the student measure the oric^inal mass 

of 37. A3 g? Wasn t this to 4-signif icant figure precision? Wiatever he 
does in his next step does not change the ability of the balance to measure 
to the nearest hundredth gram. So, if he takes away 0.43 g the remaining 
sugar mass must be expressed to the same degree of precision as the 
original if he ;^ants to inform his teacher of his precision in measurement. 



Please return to page 70 and select another answer. 
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YOUR ANSWER B 



This is not correct, but vje have to admit it is somewhat difficult 
to understand the first time. Perhaps we can clear it up with another 
example. Suppose Beardon and Thomson had obtained a value of 298^,792 .8 
instead of 299^,792.8 km per sec for the velocity of light. To round this 
back to 3 significant figures, you take the last 4 digits (792.8), note 
that this group is larger than 500, replace the 792.8 by 000, and add 1 to 
the 8 of the group 298^. 



Write the rounded-back number on a piece of scrap paper and turn to 
page 85, 



AMP LESSON 2 ''^^ T^Re^^iifMlSl^i 

Ple'ase 15ster.i to Tape Segment 1 of Lsssori 2 before starting this worksheet o 
Punch out ariiswer-s t .these questions on special AV Computer Cardo 

DATA ITEM As The textbook value for the velocity of light is 3OO9OOC km/se 
. . Tt!.e ffieas'ared yal'ces for the velooity of' iighc ares 

(i9fe) S999"?6 "kffi/i^ec" (B.lrge) 

(1949) 299;) 793 km/ see. (Asiakson) 

. (1951) 2999 79c kffi/sec. iDuMond and Cohen) 

(^■955) 299p792o3 km/see (Bearden and Th>cm.son) 

DATA ITEM Bs The waTe:::.e-ngth of green lines 5532 angstrom tsnits - 

O0OOOO5532 Cfflo 

i 

lo li-jO'U were- to Toi:^d 'ba^ok the number ^9 o 6^89 to 3 signli'icant digifcs^p 
you would wi'l ce 'it as " ' ■ - 

A- k9o6 ■ ■ 

B • 4-90? ■ 
C .^9o?0 • 

D ^9o60 . - ^ 

" E none of i;heseo 



it., o 



An ^iltraTiolet lamp -i^hi'ph emits a wa'trelength of 2-5^0 angstrom units 
may be ?3a3;d to emit a wavelsngth of . . . , , 

../ ■ A 2o'j}k0 cm - . . ' : • . 

- B- 0oG0a25^0 cm - ■ • \ • 

■\ ; D- ■ OoOoO'Oi ft ■ ' ' / 

■ ' E , notie' the^ec ■ „, , . ' ' . • , ■ 

3f; An angstrom "UL^it.. - ; ■ . - , " ' 

A. is-smaller than a centimeter but larger than a millimetre 
B IB a "^aTiit.of speed or Telocity o . 

.. C may be used' to' glTe precise deiseriptions of the color . ; 
of lighto : ■ . ' . . ' 

. D; ma.y9 when properly handled 9 be used to measure .elapsed 

timeo^ ■ ■■ ' . ' '. 

■ . E nori.e of these 0 . • '^^ . ' ' ' . 



Xou may now retivrh to page 3 of the Study Guide 
and eontinus • with the programo.. > 



AMP LESSON 2 126 Tage ,_Segraen^ 

WORKSHEET 

Please listen to Tape Segment 2 of Lesson 2 before starting this worksheet„ 
Punch out answers to these questions on special AV Computer cardo 

DATA ITEM As Length of a UoSo dollar bills Top edge 15o6l cm 

Middle 15j-60 cm 
Bo c torn l5o59 cm 



QUESTIONS 

i^^o Vft"iich one of the statements below correctly applies to the data 
taken in measuring the length of the dollar bill? 

A The data is in error since the length of the bill c.oi:ild 
not vary from 15o6i cm to 15-59 cnit 



iO 



B Each piece of datum contains 3 significant figures because 
the last digit in each is vincertaino 

C As a result of parallax^ the last two digits in each 
measurement are uncertaino 

D Each measurement has k significant figures wi tn one 
uncertain in each case© 

5o The mean value of the measurements givren in the Data Item above is 

A 15e58 cm 
B 15o59 om 
C 15o60 cm 

D 15o6l cm • , 

E 15o62 cm 

60 If dollar bills were laid end-to-end in a straight line^ how many 
of them would you need to stretch over 1 km? 

A About 64-00 

B. About I956O0 

C About 1560 

D About 15o6o 

E About o^^^OOo 



You may now return to page 91 of the 
Study Guide and continue with the 
programo 
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AMP LESSON 2 127 ^£«Segmen.fc_2 

WORKSHEET 



DATA ITEM A't If a. measuremervt' is written as 260 ftc, it may have 
either rwo or three signifioant digitso If it is 
written as 260© ft<, it has 3 significant digits o 

■ • - ' QlgSTIONS ' * . 

7o The rxajriber of signifir^aat 'digits in the measuremenfe -5{)280 ft is 
A' 1 

B . 2 ^ ■ ' ' ■ 

- ■ c 3 ; ' 

• E indeterminate . ■ ' 

8o The' nimbe^r of csignif ic.a.tit digits in the measurement 65r,200 grams is 
A fewer than" 3o ' 

B* 3^ ■^!> ^'^ 5v> ti'ut no more than -S© ' '• ■ 
C .fewer than 3 '^^'^''^ more than lo 
D. more than 3 --'^t feiArer than 5o • 
E none of t-hese is oorrecto 

9o The nim"be:r of " significant digits in the measurement I86g000o mi is 

, ■ ■ A . any number ■ from 3' to .60 . ' 

B deiLnitely 60 

C greater than 3 '^^■t 'less than 6© 

D great: er than 3 i^^^t less than 5o ' 
E mne of these is correcto 



Y.o-Xi mB.y now return ta page 7 of the Study 
Guide and continue witVi the programo 



ERIC 
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Tag S^egment^ 



WORI^HEET 

■ ?k 

■ DATA ITEM k% The mmber 5^ 000 000 p 000c, 000 c) 000 000 pCOC, 000 is 3 10^ c 
DATA ITEM The number 0^000 000 000.001 6- is ln6 x 10"*^^o 

QUESTIONS . ' ' ■ - 



i.Oo Wliich one of the f6llowing is an. advant;age s^:de:nt:i flo notation 
that' ne:|j^ei^^expre^ed^^ in. the tape discus si o.'n? 

A "Less tendency to introduce accidental errors 
B ■ Parmi ts- greater speed' in solving arithmetic' pro'Dl-emscj' 
■ C . Is mc're conYenient to use with a. vSlide rules'' 

D EQa'bi.es you to solve problems 'which are. net soluble 
bj means of ordinary ndtatio'n. in arithmetic o ^ 
. ' ■ E Aii, " or 'the .above were gi'v^en individually as adrantage^ 
■ of scientific notatlon-o 



Ho Express the velocity of lightp 1865000 mi/seo^ in scientific 

notaticvn.^ ■ This figure is correct 'to three significant digitso. 



A 


186 


c 10-^ mi/sec 0 


B 


1806 


X lO*^ mi/sec 0 


c". . 


I086 


;x: iO^ mi /sec a 


D 


lv86 


X 2.0° lai/secc 


E 




X 16^ ffii/seo 



12 o- E'xpress the n-umber OoOOO 008 366 in scientif;ie ndtabion with' 
two. significant digitSo 



A 


80^ x. 10" 


6 

0 


B- 


8»4' X 10" 


5 

0 


C 


8o3 x: 10"" 


5 

0 


D 


8o3 X, 10"" 


6 

0 


E 


80^0 X 10 


^6 



You may no vir return to page 39 in 
the Study. Guide and continue 
. with t*he pro gram o 



AMP LESSON 2 



WORKSHEET 



DATA ITEM As 




^= 10 000 



i ooc 



:,..oo 



iC'^^ Ooi 

10-^= OoOl 
10"^= OoOOl 



. gUEST.r ONS 



13o What is the equivalent of 18 raised to tne firsb power? 



A 18 0 

B zsroo 

C ;:o8 . 

D ColB 

E 1 80 



l4o What is the equivalent of 26o8 raised to the zero power? 



A a6o8 

B 2o68 

C : 

D 0<,268 

E zero 



15o What is the equi'valent .of viero raised to the first power? 



A '1 

B ZBTO 

C There is no answers this is not a permissible processo 

D Inde-oerKlnate o 

E It may have any value since gero Is a variabloo. 



Please ret-arn to page 6? and' complete 
the steps indicated' there « 

Have ail your worksheet answers been punched out 
on the special AV Computer Card? 



You cannot receive credit unless 



this has been done* 



ERIC 



AMP LESSON 2 

.HOMEWORK_.PRqBLEMS 
LESS0N,.;2 



lo Express each of the following in scientific notations 

(e) 6 000 000 000 OOG 

(c) . • 2$ 

(d) 765i^o32.i 
U) 7 

2o Express saoh of the fallowing in scientific notations 

; (a) Co35 

(b) Co 003 5 

(c) Co 0003c 5 

(d) Go 300c 5 

(e) .17o636 

3o Rewrite ea.c-h of zYit^ following in standard arithmetic notations 

(a' 1.2 X 10^ . 

(b) 7o 36 x 10"^ 

(c) . loiiCOOO x 10^ 

(d) 60 80 X IG^ 

(e) ' 9o^;.. X IC*-' 

Indicate the number of significant digits in each of the .rollow'- 

inge If the number is indeterminace^ indicate with the letter "I"o 

(a) ■ 600c m 

(b) ;..302 ru 
(cl I5o0.^ m 

(d) ■. Co 0023- f t 

(e) 50 o 400 lui 

(f) 5^ak cm ^ ■ 

(g) ' 2o59 X 10" sec 

(h) 4oCC X 10-* hr •- . • ' 

(i) 12 n 4-00 o 

(J) 86,520 



NOTE? All problems are to be solved 
on standard 8=l./2 x 11 inch notebook paper and 
numbered to correspond to the above designationso 

x^ij^ono "Be sure" to enter your name^ seotionj date 
and~"identlfi cation number on the suiomitted worko 

ERIC 



